The syntheses and distributions of binary R 5 Pn 3 phases among the hexagonal Mn 5 Si 3 (M), and the very similar orthorhombic β-Yb 5 Sb 3 (Y) and Y 5 Bi 3 (YB) structure types have been studied for R = Y, Gd−Lu and Pn = Sb, Bi. Literature reports of M and YB-type structure distributions among R 5 Pn 3 phases, R = Y, Gd−Ho, are generally confirmed. The reported M-type Er 5 Sb 3 could not be reproduced. Alternate stabilization of Y-type structures by interstitials H or F has been disproved for these nominally trivalent metal pnictides. Single crystal structures are reported for (a) the low temperature YB form of Er 5 Sb 3 (Pnma, a = 7.9646(9) Å, b = 9.176(1) Å, c = 11.662(1) Å), (b) the YB-and high temperature Y-types of Tm 5 Sb 3 (both Pnma, a = 7.9262(5), 11.6034(5) Å, b = 9.1375(6), 9.1077(4) Å, c = 11.6013(7), 7.9841(4) Å, respectively), and (c) the YB structure of Lu 5 Sb 3 , a = 7.8847 (4) calculations for the two structures of Tm 5 Sb 3 reveal generally similar electronic structures but with subtle Tm-Tm differences supporting their relative stabilities. The ambient temperature YB-Tm 5 Sb 3 shows a deep pseudogap at E F , approaching that of a closed shell electronic state. Short R-R bonds (3.25-3.29 Å) contribute markedly to the structural stabilities of both types. The Y-type structure of Tm 5 Sb 3 shows both close structural parallels to, and bonding contrasts with, the nominally isotypic, stuffed Ca 5 Bi 3 D and its analogues. Some contradictions in the literature are discussed.
Introduction
All of the rare-earth metal-rich pnictides R 5 Pn 3 (Pn ) Sb, Bi) have been reported in one or more of three common structure types: (a) the hexagonal Mn 5 Si 3 -type (M); (b) the orthorhombic -Yb 5 Sb 3 -type (Y); or (c) the orthorhombic Y 5 Bi 3 -type (YB), all of which are metal-rich and lack Pn-Pn bonding. Although the ubiquitous Mn 5 Si 3 -type occurs for a wide variety of both R and Pn elements, 1,2 we shall not concern ourselves with these details. The very similar structures of interest are Y 5 Bi 3 3 and -Yb 5 Sb 3 4 types, both of which occur in the same space group and setting, Pnma, but with reversed order of the axial lengths, c > b > a versus a > b > c, respectively. These strikingly similar structures feature distorted hexagonal rings built from edge-sharing, Pn-centered R 6 (Sb,Bi) trigonal prisms when viewed along the common b direction. These are illustrated in Figure 1 , with the a and c directions for one reversed so as to give parallel length scales. Interest in these two structure types increased, and possible reasons for their differentiation became apparent, after the -Yb 5 Sb 3 parent and all eight isotypic Sb and Bi examples with divalent cations were shown in 1998 to be the ternary phases stabilized by a hitherto unrecognized interstitial impurity in a tetrahedral cavity. 5, 6 This unrecognized interstitial, commonly hydrogen, had earlier led to numerous, troubling examples of low and * Corresponding author. E-mail: jdc@ameslab.gov. unpredictable yields of, and variable lattice dimensions for, supposedly binary compounds. The similarly sized fluoride substitutes well for hydride in this structure type, which allowed the first reliable X-ray structure determination for Ca 5 Sb 3 F (F-or stuffed Y-type). 5, 7 The very similar Y-and YB-type structures can be readily distinguished by characteristic differences in their powder diffraction patterns, particularly for reflections with large h or l indices. (A comparison is shown in Figure S1 , Supporting Information.) The essential role of hydrogen is easily established by the decomposition that ensues when either the reactants or the ternary product is sealed in a Nb or Ta container and heated under high vacuum to ca. 550-600°C or higher for a few hours, 5 under which conditions Ta and Nb function as semipermeable membranes for dissociated H 2 .
8 Indeed, the sealed fused silica jackets that usually enclose the metal containers during static high temperature reactions can afford appreciable hydrogen via desorbed water.
A reasonable (and unpublished) basis for the binding of H or F atoms only in the Y-type structures of A II 5 Pn 3 is shown in Figure 2 , [100] and [001] projections of the two structure types in Figure 1 . Characteristic puckering of the horizontal (020) layers only in the Y structure (top) helps define the characteristic columns of yellow/green tetrahedra that bind H or F atoms in the isotypic F-type structure. (This is an extension of a relationship noted by Wang et al. in the original report of the Y 5 Bi 3 structure.
3 ) In contrast, no interstitial derivative utilizing the less regular tetrahedra in the YB-type structure has been recognized. A number of questions remains about the parallel chemistry of 5-3 antimonides and bismuthides of the normally trivalent rare-earth metals with respect to their occurrence in some of these three structure types and their sensitivities to interstitial hydrogen. Antimonides in the group of R ) Y, 9 Gd-Ho along with 
Experimental Section
Syntheses. The starting materials were Y, Gd-Lu (Ames Laboratory, 99.95% total), Sb (Johnson Matthey, 99.9%, or AlfaAesar, 5-9's), and Bi pieces (Aldrich, 99.99%). All reactants and products were handled in glove boxes with 0.2-0.4 ppm H 2 O levels. Exploratory reactions were generally carried out in sealed Ta containers heated either under dynamic vacuum or within evacuated, well-baked, and sealed silica jackets so as to eliminate (or greatly reduce) any hydrogen contamination from residual moisture. Arcmelting, wherever applicable, was conducted on a water-cooled Cu hearth within a glovebox and with a current of 30 A or less. Equimolar ratios of R:Sb were first heated in evacuated sealed silica tubes at 900°C for 24 h.; then 3:2 molar proportions of this RSb and R were pelletized and arc-melted. (Arc-melting reactions for Tm systems were unsuitable owing to excessive evaporation.) All reactions above 1100°C were done in a graphite-heated vacuum furnace (Thermal Technology Inc. model 1000A) under <10 -6 torr with samples sealed in Ta tubes under Ar and held in a Ta beaker which also acted as a getter. Quenching experiments were carried out with a MoSi 2 -heated high temperature tube furnace (Thermolyne 54500). Samples in Ta/SiO 2 containers heated under argon were quenched by quickly pushing these out of the alumina core into cold water and immediately breaking the silica jacket, about a 5 s process.
All products were analyzed at ambient temperatures with the aid of Guinier X-ray powder patterns secured from Enraf-Nonius FR552 (film) or Huber 670 Guinier (image-plate) cameras with Cu KR 1 radiation (λ) 1.540598 Å). All products are visually stable in air at room temperature for months. Yield distributions on a volume percent basis were estimated from the powder pattern of products relative to those calculated according to single crystal refinements. The close similarity of Y and YB polytypes means that yield estimates are mole percent values as well. Lattice constants were refined from the powder pattern data using the UnitCell program.
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Single crystals were picked from crushed samples and, as an initial precaution, mounted in glass capillaries. Those of low temperature forms were obtained from a stoichiometric Er 5 Sb 3 reaction at 1400°C for 4 h followed by cooling at 10°C/h to 650°C , or of Tm 5 Sb 3 after a comparable reaction at 1300°C for 10 h followed by cooling to 600 at 8°C/h, both then being radiatively cooled to room temperature. Crystals of Y-Tm 5 Sb 3 , the (supposed) higher temperature form, were obtained from a mixed product after this composition had been reacted at 1250°C for 72 h and further cooled to room temperature at 100°C/h. Single crystals of Lu 5 Sb 3 were obtained after annealing an arc-melted button in Ta at 1200°C for 12 h in the vacuum furnace. Structure Determination. Single crystal diffraction data from YB-type Er 5 Sb 3 and Tm 5 Sb 3 were collected on a Rigaku AFC6R diffractometer with monochromated Mo KR radiation. Data were collected for the orthorhombic cell determined from a least-squares refinement of the setting angles of 25 indexed reflections. Systematic absences for h + k ) 2n + 1 and l ) 2n + 1 in the hk0 and h0l zones, respectively, suggested space groups Pc2 1 n and Pcmn. The standard setting of the latter, Pnma, was selected for the structure solution, and the structure was subsequently refined successfully starting with positional data for the YB prototype Y 5 Bi 3 .
3 The isotropic refinement converged to residuals (R/R w ) of 11 and 13%.
The final anisotropic refinement led to the residuals of 3.4/4.1%.The uneventful refinement of YB-Tm 5 Sb 3 proceeded similarly and converged with R/R w ) 2.3/3.0%.
Diffraction data for Y-Tm 5 Sb 3 and YB-Lu 5 Sb 3 were secured on a Bruker SMART APEX CCD diffractometer equipped with graphite-monochromatized Mo KR radiation in the form of 1800 frames for each with an acquisition time of 10 s per frame. Data were corrected for absorption and Lorentz polarization with SADABS.
18 Structure determinations and refinements were performed with the SHELXTL 19 program. The space group Pnma was assigned on the basis of the mmm Laue symmetry, the systematic absences, and the mean |E 2 -1| values. For Y-Tm 5 Sb 3 , all atomic positions were located by direct methods and refined anisotropically by full-matrix least-squares on F
2 . The refinement converged with R 1 ) 2.41%, wR 2 ) 6.09% for I > 2σ(I) data and 2.52 and 6.12% for all data, respectively., The isotropic refinement of Lu 5 Sb 3 converged quickly with the atomic coordinates of YB-Er 5 Sb 3 , and the anisotropic refinement converged with R 1 ) 2.18%, wR 2 ) 4.28% for I > 2σ(I) data and 2.64 and 4.44%, respectively, for all data.
Some crystallographic and refinement data for all four structures are listed in Table 1 . The corresponding atomic coordinates, standardized with STRUCTURE TIDY, 20 and the isotropicequivalent displacement parameters are listed in Table 2 samples were held between two fused silica rods within a tightly fitting outer silica tube, and the assembly was sealed under helium, as before. 21 The raw data were corrected for the susceptibilities of the containers and the diamagnetic contributions of the atom cores.
Electronic Structure Calculations. Electronic structures for the Y-and YB-types of Tm 5 Sb 3 were calculated self-consistently by the tight-binding linear muffin-tin-orbital (TB-LMTO) method [22] [23] [24] [25] within the atomic sphere approximation (ASA) using the Stuttgart code.
26 Exchange and correlation were treated in a local spin density approximation (LSDA), 27 and scalar relativistic effects 28 were taken into account. The radii of Wigner-Seitz (WS) spheres were optimized according to an automatic procedure. 29 One empty sphere in an 8-fold general site was required for each. The WS radii so determined were 1.75-1.84 Å for Tm, 1.77-1.87 Å for Sb, and 1.11-1.20 Å for the empty sphere. The basis set included 6s, 6p, 5d, and 4f functions for Tm, 4s and 4p functions for Sb, and a 1s function for the empty spheres. The Tm 4f functions were treated as core orbitals containing 12 electrons. Reciprocal space integrations to determine self-consistent charge densities, density of states (DOS) curves, and crystal orbital Hamilton population (COHP) 30 analyses were performed by the tetrahedron method 31 using 112 k-points in the irreducible wedges of the corresponding Brillouin zones.
Total electronic energies of the two forms of Tm 5 Sb 3 as well as a potentially intermediate structure were calculated as a function of volume using the Vienna ab initio simulation package (VASP).
32-34 All calculations were performed using projector augmented-wave (PAW) pseudopotentials 35 and the Perdew-BurkeErnzerhof generalized gradient approximation (GGA-PBE).
36 A 7 × 7 × 7 Monkhorst-Pack k-points grid 37 was used to sample the first Brillouin zone for the reciprocal space integration. The energy cutoff of the plane wave basis was 215 eV. With these settings, the total energy converged to less than 1 meV per unit cell. At first, energy vs volume calculations were carried out for both the low-temperature and the high-temperature structures. The atomic positions were taken directly from the crystallographic data, and the volumes of the unit cells were varied isotropically. A set of "intermediate atomic positions" relative to the two standard types was established by averaging the atomic coordinates of the lowtemperature and high-temperature structures in the standard setting of space group Pnnm. (For the lattice of the space group Pnma, the corresponding space group of the intermediate would be Pnmn along with a change of origin.) These atomic positions were then optimized within the unit cells of both structures.
Results and Discussion
Syntheses and Structure Type Distributions. Synthetic explorations among the binary R 5 Sb 3 phases for R ) Y, Gd-Ho confirmed the reported formation of hexagonal M-type structures with, in most cases, substantially the same lattice dimensions as reported in the literature, which came primarily from powder diffraction data. The same is true for M-type bismuthides of Gd 38,39 and YB-types for Y and Tb-Er. Reaction details, products, and lattice dimensions are given in Table 3 for one reaction for each compound and structure type, although more extensive investigations were completed.
40 Some reported unit cell volumes deviate from ours by up to (0.7% (∼5-7 Å 3 ), particularly for those from the older literature, but none of the differences suggest that substantial interstitial impurities had been involved earlier, in contrast to our experiences with divalent cations and hydrogen. A few R 5 (Sb,Bi) 3 Z compositions were also investigated for Z ) F or H, namely for Y 5 (Sb,Bi) 3 F, Gd 5 (Sb,Bi) 3 (F,H), and Er 5 (Sb,Bi) 3 F, but in only one case did a meaningful change appear. This was the repeated appear- Table 4 ). Well-baked silica jackets used in the first stage could still be a minor source of hydrogen, but the lattice constants were quite invariable. Further quenching experiments at first suggested that the transition took place over a range of temperatures. But, high yields of the low and high temperature YB and Y forms were obtained from samples quenched from the furnace temperatures of 1150°C or below and 1300°C or above, respectively. These and the intermediate phase distributions are plotted as a function of furnace temperatures in Figure 3 (samples 4-7, Table 4 ). Although the quenching rate is not extremely high, the transition is slow enough to gain mixtures of the polytypes from intermediate temperatures. These Y-YB mixtures cannot all represent equilibrium between the two Er 5 Sb 3 phases. Rather, the residual Y-contents represent the fraction that remained when the quenching became particularly effective, probably close to the time the silica jacket was broken so that water made direct contact with the still red-hot Ta container (see the Experimental Section). A small amount of the Y-type (∼3-7 mol %) was present in the powder pattern of the sample quenched from 1150°C
, so the transition temperature must be lower. Its further definition was not pursued. /h to 600°C, or annealing at 800°C for longer followed by quenching raised the YB yield to 70%. Again, quenched samples from 1400 or 1200°C afforded mostly the Y form along with some TmSb. Furthermore, quenching the latter from 1050°C led to about 90% YB form (Table 4 , samples 9-12), putting the probable transition temperature somewhat below 1050°C.
Lu 5 Sb 3 . The situation for Lu 5 Sb 3 is unambiguous as syntheses by arc-melting, or by annealing either at 950°C for 1 week or at 1200°C for 12 h yielded only single phase YB-Lu 5 Sb 3 samples. The reaction at 1200°C also yielded single crystals suitable for diffraction analysis. Incidentally, the earlier assignment of a Lu 5 Sb 3 composition found in a Lu-Sb phase diagram to the hexagonal M-type structure is unlikely, inasmuch as the rather imprecise hexagonal lattice constants reported (a ) 8.9 Å, c ) 6.33 Å) are, in fact, larger than those for M-Dy 5 Sb 3 44 (Table 3) . It is possible that contamination by adventitious interstitial impurities may have been responsible for the earlier observation.
(43) Gschneidner, K. A., Jr. J. Less-Common Met. 1971, 25, 405. (44) Magnetic Susceptibilities. The inverse magnetic susceptibilities of powdered samples of 95% YB-Er 5 Sb 3 and Tm 5 Sb 3 (plus traces of NaCl-type RSb) follow a Curie-Weiss relation over most of the (temperature range (θ ) 0.3 and 1.2 K, respectively), with the onset of some magnetic ordering below ∼30-70 K. (Figure S2 , Supporting Information)The effective magnetic moments, 22.28(1) and 16.90(2) µ B, correspond to 9.96 and 7.56 µ B per magnetic ion in Er 5 Sb 3 and Tm 5 Sb 3 , which correspond fairly well to those associated with the trivalent cations, 9.58 and 7.56 µ B for Er 3+ and Tm
3+
, respectively.
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Structures. The low-temperature YB and high-temperature Y-type structures are unambiguous in their assignments and in their differentiation (see Figure 1 and Tables 1 and 4) , although the projections in Figure 1 suggest strong resemblances between the two types. The coordination environments surrounding each atom of the asymmetric units are very similar in both structure types: (a) there are no short Sb-Sb contacts; (b) Sb1 sites are surrounded by nine Tm atoms at less than 3.40 Å; (c) Sb2 sites are encapsulated by seven Tm atoms at distances less than about 3.40 Å; and (d) the metal atom environments around the Tm1 and Tm2 sites in the two structure types are very similar. The structural differences focus on the Tm3 and Tm4 sites: (a) these have one additional near-neighbor Tm atom in the high temperature Y-type structure than in the low temperature YB-type (the distance cutoff is set at 4.00 Å for this analysis) and (b) the 4-fold Tm3 and Tm4 sites become interchanged on comparing the YB-and Y-types.
The most striking features concerning the metal-metal contacts are the very short R1-R2 distances in all structures, 3.24-3.29 Å (depending on the intrinsic size of R), separations that are only about 0.1 Å greater than the Pauling's derived single bond lengths. 46 The shortest R-R distances of 3.29 and 3.27 Å in Er 5 Sb 3 and Tm 5 Sb 3 , respectively (Table  S3, Supporting Information and Table 5 ), strongly suggest trivalent states for the cations as do magnetic data for the YB forms of both (above). Strong bonding among the rareearth elements in these phases is a natural attribute of these metal-rich structures, and six to eight R neighbors are found below 4 Å in all cases (see Table 5 ), with the average R-R distances in both Y-and YB-type structures being very similar. Simple electron counting provides a strong indicator for such metal-metal bonding: with no short Sb-Sb contacts, each Sb may be formulated as closed shell "Sb 3-", and R 5 Sb 3 will have six valence electrons per formula unit left for R-R bonding. To accommodate these valence electrons, both the low-temperature YB and high-temperature Y forms feature metal tetrahedra that are built from two R1, one R2, and one R4 sites, as highlighted in Figure 2 for Er 5 Sb 3 (examples are also dotted red in Figure 1 ). Each tetrahedron is similarly surrounded by Sb atoms; five Sb atoms bridge edges and two Sb atoms cap faces. The subtle differences occur with two additional metal atom neighbors: one each of R3 and R4, which bridge edges or cap open faces of the tetrahedra, i.e., those not capped by Sb atoms.
(The two assemblies are detailed in Figure S3 , Supporting Information.) The R-R distances in this group in the ambient temperature YB form are 3-5% shorter than in the Y form. This subtlety has a profound effect on the electronic density of states for the two structure types.
Electronic Structures. TB-LMTO-ASA calculations were carried out for the refined (room temperature) Y-and YBtype Tm 5 Sb 3 structures in order to understand their bonding characteristics. The corresponding densities of states (DOS) and the relevant crystal orbital Hamilton population (COHP) curves for YB-Tm 5 Sb 3 and the quenched high-temperature Y form are depicted in Figures 4 and 5 , respectively. The DOS curves for both structure types have similarities: (i) a narrow band attributed to Sb 5s wave functions lies around 10 eV below the Fermi level (E F ); (ii) a narrow energy gap between the Sb 5p-based valence band and largely Tm (5d, 6s)-based conduction band occurs ca. 1.6 eV below E F ; and (iii) pseudogaps exist at the Fermi levels. The inset in each shows an expanded view of the DOS around E F , which make these pseudogaps clearer. Particularly noteworthy is the "deeper" pseudogap present in the DOS curve of the YB structure type as compared with that of the Y-type. The tightly bound metal tetrahedra in both structures account for the pseudogaps; the subtle differences in how Tm3 and Tm4 cap these tetrahedra lead to the qualitatively different features of these pseudogaps. The stronger Tm-Tm overlaps present Figure 1 (see Table S5 , Supporting Information, for its parameters). In this setting, the lowtemperature YB form adopts the space group Pnma, whereas the high-temperature Y form takes the space group Pcmn.
The results of VASP calculations at common unit cell volumes indicate E(YB) < E(Y), in agreement with fact. Both are significantly lower in energy (by ca. 0.9 eV/formula unit) than the intermediate case. A comparison of energy vs volume curves, Figure 6 , further indicates that the Y-type achieves a lower total energy than the YB-type at higher unit cell volumes, although this effect does not occur at the minimum energy. The comparison made as a function of volume thus mimics thermal expansion, not the effects of heating. (At room temperature, the experimental cell volume of Y is 3.6 Å 3 (0.4%) greater than that for YB.) Structural optimization efforts using VASP reveal that both YB and Y forms are local minima on the total energy surface, but there is no experimental evidence that the hypothetical intermediate structure actually forms. In fact, this model is not a local minimum on the total energy surface, but consistently optimizes toward the YB-type. Evaluation of the energy bands for the intermediate structure shows additional degeneracies in the wave functions at certain Brillouin zone boundary points, degeneracies that are broken for both the YB-and Y-type structures ( Figures S4 and S5 , Supporting Information) in a manner similar to a Peierls distortion. It is important to emphasize, however, that the transition between the YBand Y-type structures does not meet the criteria for a symmetry-breaking ("second-order") phase transition, but a thorough characterization of the nature of this transition in the solid-state has not been investigated.
Other Reports of Y-type Structures for These Compounds. The results of this study make it clear that Er 5 Sb 3 and Tm 5 Sb 3 are the only R 5 Pn 3 phases, Pn ) Sb or Bi, for which a -Yb 5 Sb 3 -type (Y) structure clearly exists. However, the factors differentiating the two obvious choices appear to be too complex in detail for the present results to be generalized to include metals with different valence electron counts or elements of materially different sizes, e.g., Ti and As. 47 There are some other phases, however, for which uncertain or contradictory classifications in this structural group remain. Sc 5 Sb 3 was first stated to adopt a Y-type structure according to powder diffraction data from its mixture with ScSb that had been prepared by arc-melting and further reaction in sealed fused silica at 950°C.
15 (Hydrogen problems in these structures were not known at that time.) On the other hand, the YB structure was later assigned to Sc 5 Sb 3 according to Guinier data from a single phase sample that had been slowly cooled from 1100°C or above in a high temperature vacuum furnace. 16 On the other hand, hydrogen (or other) impurities seem unlikely considering the care and experimental conditions employed in the study of Y-Sc 5 Bi 3 , 14,48 so the difference is possibly because of the marked change in the size of R (above). No ternary hydrides or fluorides appear to form with YB-type structures either, consistent with the YB versus Y structure (Figure 2) 2 Furthermore, their cell volumes do show a decrease with increased hydrogen content, contrary to their statement.
Finally, we know this Y structure type with two extremes of chemistry and bonding among the rare-earth-metal pnictides. The present two antimonide examples with trivalent R feature strong R-R bonding in a metal-and electron-rich environment in which delocalized bonding appears dominant. At the other extreme are the so-called isotypic "salts" R 5 Pn 3 Z, stuffed Y-type examples in which R is a nominal divalent example (Sm, Eu, Yb) or an alkaline-earth metal Ca-Ba, and Z is, to date, H or F.
5 These are, in contrast, nominal Zintl (valence) compounds in which electron localization is predominant. Still the same R 4 tetrahedra are features at both extremes; the Zintl phase structures well-refined for both Ca 5 Sb 3 F 7 and Ca 5 Bi 3 D 50 have interstitial atoms Z at the same centering positions as those defined by the tightly bound Tm 4 tetrahedra noted here. Why the latter do not also form hydrides or fluorides is a more complicated question.
Conclusions
Four new phases, Y 5 Bi 3 -type Er 5 Sb 3 , -Yb 5 Sb 3 and Y 5 Bi 3 -types of Tm 5 Sb 3 , and Y 5 Bi 3 -type Lu 5 Sb 3 are obtained in high yields under controlled synthetic conditions. Thus far, Er 5 Sb 3 , Tm 5 Sb 3 , and Lu 5 Sb 3 are the only examples of trivalent rareearth metal R 5 Sb 3 phases that crystallize in a YB-type structure. Furthermore, the heavier erbium and thulium members are the only ones among trivalent rare-earth pnictides that transform to the Y type at higher temperatures (1000-1200°C). All other R 5 Sb 3 compounds of these (47) elements (Gd-Ho) phases crystallize in the hexagonal M-type structure. Experiments spanning broad compositional and reaction conditions have disproved the involvement of interstitials in any of these transformations. R 5 Bi 3 (R ) Gd-Tm) phases crystallize in YB-type structure with the exception of Gd 5 Bi 3 and Tb 5 Bi 3 , the latter two transforming to the M-type structure at low temperatures. Theoretical results for both forms of Tm 5 Sb 3 emphasize the major influence of Tm-Tm bonding, the separation of Sbdominated valence band from a Tm-based conduction band and, in the YB form, the presence of a deep pseudogap at E F and stronger Tm-Tm bonding.
